Objective: To determine the optimal surgical management of splenic injury encountered during colectomy. Results: Of 13 897 colectomies, we identified 59 splenic injuries (0.42%). Of these, 33 (56%) were in men; there was a median age of 68 years (range, 30-93 years) and a median body mass index of 25.5 (range, 15-54). Thirtyseven injuries (63%) occurred during elective surgery, 6 (10%) occurred without splenic flexure mobilization, and 5 (8.4%) occurred during minimally invasive surgery. Injury was successfully managed by primary repair in 10 (17%), splenorrhaphy in 4 (7%), and splenectomy in 45 cases (76%). Four injuries (7%) were unrecognized and resulted in reoperation and splenectomy. Multiple attempts at splenic salvage were performed in 30 (51%); of these, 21 (70%) required splenectomy. More than 2 attempts at salvage was associated with splenectomy (P=.03). The 30-day major morbidity and mortality rates were 34% and 17%, respectively. Sepsis was the most common complication, with no confirmed episodes of postsplenectomy sepsis. Median survival after splenic injury was 7.25 years. There was no significant association between the surgical management of splenic injuries and short-or long-term outcomes.
I
NTRAOPERATIVE INJURY TO THE spleen can occur during any abdominal surgical procedure. Reports range from vascular surgeons performing abdominal aortic aneurysm repairs to thoracic surgeons performing Nissen fundoplications to urologists performing radical nephrectomies. [1] [2] [3] [4] However, the highest percentage of all incidental splenectomies are attributed to colonic surgery, primarily owing to the large number of these operations and the close proximity between the colonic splenic flexure and the spleen. 5 The reported incidence of splenic injury resulting in splenectomy during colonic surgery is 1.2% to 8%. 6 When intraoperative injuries to the spleen do occur, they carry with it significantly increased rates of morbidity and mortality compared with splenectomy performed electively or for trauma. 7, 8 While the growing trend over the past few decades has been to salvage the spleen by performing primary repair or splenorrhaphy for intraoperative injury, often this is not possible owing to uncontrolled bleeding and splenectomy is ultimately performed. 9 However, limited data exist regarding the optimal management of splenic injuries that occur during colectomy.
We describe our single-institution experience with the management of intraoperative splenic injury that occurred during colectomy during the last 15 years. The aim of this study was to determine the optimal surgical management of these injuries by identifying perioperative variables associated with short-and long-term adverse outcomes.
METHODS
After institutional review board approval, the Surgical and Medical Indexes, which are prospectively maintained databases of surgical procedures and medical diagnoses based on International Classification of Diseases, Ninth Revision and Hospital International Classification of Diseases Adapted codes, respectively, were used to perform a search for all patients who underwent a colon resection and had a splenic injury, splenorrhaphy, or splenectomy. We also used multiple free-text search terms to identify these injuries, including splenic laceration, splenic puncture, splenic injury, splenic repair, iatrogenic splenectomy, and incidental splenectomy. Our search was limited to 13 897 adult (Ն18 years) general surgery or colorectal surgery service patients from 1992 to 2007. All operative reports for patients identified as having had both a colectomy and splenectomy or splenic injury during the same operation were reviewed; patients who underwent splenic surgery for blunt or penetrating trauma or as part of an oncologic en bloc resection or pancreatic procedure were excluded.
Retrospective medical record review was performed and demographic, operative, and outcome variables were abstracted, including methods of splenic repair; whether or not the procedure was elective; the age-adjusted Charlson comorbidity index score; and surgical Apgar score. Charlson et al 10 developed a scoring system (with a higher score being worse) that is now one of the most widely studied methods of estimating risk from death due to comorbid disease and has been shown to be a valid predictor of adverse outcome after colectomy for cancer. 11, 12 The surgical Apgar scale is a 10-point scoring system (with a lower score being worse) that predicts major complication or death within 30 days of the index operation based on 3 intraoperative data: estimated blood loss, lowest mean arterial pressure, and lowest heart rate. 13 Based on the operative description, all splenic injuries were graded according to the 1994 revision of the American Association for the Surgery of Trauma Spleen Injury Scale.
14 Our primary end point for comparison between patients who had splenic salvage and those who had splenectomy was a composite variable of any major postoperative morbidity (defined as Clavien gradeՆ3) 12 or mortality within 30 days; our secondary end point was longterm survival (ie, 1-and 5-year all-cause mortality). The Clavien grading scheme classifies postoperative complications from 1 to 5 based on the management of the complication, with minor complications that require no intervention, such as wound infections that are opened at the bedside but do not require antibiotics being grade 1; those that require medical therapy, grade 2; those that require interventional radiologic, endoscopic, or surgical intervention, grade 3; those that require intensive care unit management, grade 4; and those that result in death, grade 5.
Potential differences in baseline characteristics between patients with splenectomy and patients with splenic salvage was assessed using univariate analysis with Fisher exact tests for categorical data and Wilcoxon rank-sum tests for continuous data. Univariate analysis using a Fisher exact test was also used to identify variables associated with adverse short-term outcomes after splenic injury. Differences in long-term survival between clinically important subgroups were assessed using log-rank tests and Cox proportional hazards models. Kaplan-Meier curves were plotted, and the corresponding 1-and 5-year survival rates are reported with 95% confidence intervals. Statistical significance was set at ␣=.05, and PՆ.05 was considered statistically nonsignificant. The software SAS, version 9 (SAS Institute, Cary, North Carolina), JMP, version 7 (SAS Institute, Cary, North Carolina), and S-PLUS, version 8 (Insightful Corporation, Seattle, Washington) was used to perform all analyses.
RESULTS

DEMOGRAPHICS
During a 16-year period, splenic injury occurred during colon resection in 59 patients at our institution (0.42%). Operative indications included cancer in 20 (34%), diverticular disease in 15 (25%), and inflammatory bowel disease in 14 (24%). Baseline characteristics are presented in Table 1 . Patients who underwent splenectomy and patients who underwent splenic salvage did not differ significantly with respect to age, sex, body mass index, Charlson comorbidity index score, or need for emergent/urgent surgery.
SPLENIC INJURIES AND THEIR MANAGEMENT
Most splenic injuries had splenic flexure mobilization (90%), most were in colorectal service patients (62%), and a minority (5 injuries [8.5%]) occurred during laparoscopic surgery, 2 of which were converted (40%). Most injuries (63%) occurred during elective surgery. Injury resulted in splenectomy in 45 patients (76%), splenorrhaphy in 4 (7%), and primary repair in 10 (17%). A total of 35 patients (59%) received blood products intraoperatively. The most common methods of managing splenic injury included thrombin and Gelfoam (Pfizer Inc, New York, New York) in 16 (27%), packing in 12 (20%), and electrocautery in 9 (15%); other methods included using Surgicel (Ethicon Inc, Johnson & Johnson, Cincinnati, Ohio) in 7 (12%), pledgeted sutures in 7 (12%), Avitene were unrecognized during the index operation and resulted in reoperation and splenectomy. Multiple attempts at splenic salvage occurred in 30 patients (51%); of these, 21 (70%) required splenectomy. Cases requiring more than 2 attempted repairs were associated with splenectomy (Fisher exact test, P = .03). Pathologic examination of the 45 splenectomy specimens revealed a normal spleen in 40 (90%) and perisplenitis in 5 (10%). The median splenic weight was 127.5 g (range, 28-470 g).
SHORT-TERM COMPLICATIONS
In this cohort, the 30-day major morbidity and mortality rates were 34% and 17%, respectively. Sepsis was the most common complication. The etiology of sepsis was intraabdominal (anastomotic leak or abscess) in 5 patients, including 3 pelvic anastomotic leaks and 2 leftsided subphrenic collections in patients with gross contamination. Other septic etiologies included pneumonia in 2 patients (both associated with left-sided atelectasis and effusions) and line sepsis in 1 patient; there were no confirmed episodes of overwhelming postsplenectomy sepsis.
The relationship between perioperative variables, including the surgical management of splenic injuries, and major short-term adverse outcomes is presented in Table 2 . Nonelective surgery (P = .04), intraoperative transfusion requirement (P = .03), and a surgical Apgar score lower than 5 (P=.01) were all associated with major short-term complications. However, the initial and final management of the splenic injuries was not associated with major short-term adverse outcomes.
LONG-TERM SURVIVAL
The median overall survival of this cohort was 7.25 years. Overall, survival in patients with splenic injury was decreased compared with those without splenic injury (P = .003) (Figure 1) . In terms of overall 5-year survival (Table 3) , there was no statistical difference between patients who had immediate splenectomy compared with those who had attempted splenic salvage, between patients who had splenic salvage compared with those who had splenectomy (Figure 2) , or between patients who did or did not have cancer (Figure 3) . On univariate analysis (Table 3) , a statistically worse survival was observed when any of the following criteria were present: age 65 years or older (P=.03), age-adjusted Charlson comorbidity index score of 5 or greater (P=.004), or the need for emergent/urgent surgery (P =.002). On multivariate analysis (Table 3) , only emergent/urgent surgery (hazard ratio, 2.75; P = .009) remained independently associated with decreased long-term survival, while a Charlson comorbidity index score of 5 or more showed a trend toward significance (P =.06).
COMMENT
The results of this study suggest that patients who sustain splenic injury during colectomy are at increased risk of short-and long-term morbidity and mortality regardless of the method of surgical management of the injury. The incidence of intraoperative splenic injury has been reported to be the cause of as much as 40% of all splenectomies. 7 While a variety of operations contribute to the overall incidence of intraoperative splenic injury, left upper quadrant procedures account for the highest percentage. Of 13 897 colon resections at our institution in a 16-year period, 59 splenic injuries were reported, yielding a rate of 0.42%, or 1 splenic injury in every 236 colon operations. This incidence is in accordance with other studies. Langevin et al 6 reported the incidence of splenectomy following splenic flexure mobilization was 1.15%.
Significant findings of the current study include the number of splenic injuries that occurred during laparoscopic colectomy and those that occurred without splenic flexure mobilization. Our reporting of splenic injury during laparoscopic colectomy is in contrast to a recent study that reported no injuries during almost 2000 laparoscopic colectomies and may be due to the large denominator in our series (many of which were laparoscopic during the second half of the study period). 15 Clearly the same vigilance must be taken to avoid injuring the spleen whether a traditional open or minimally invasive approach is used. We also found that these injuries can occur in the absence of splenic flexure mobilization. In our cohort, as in other studies, most injuries were due to capsular tears. Although classic teaching is that these are retractor-type injuries, these injuries also likely occurred because of tension between the colon and the spleen. As our data show, injuries may occur as a result of tension to not only the omentum and transverse or left colon, but to any part of the colon as well.
Over the past few decades, the management of splenic injury secondary to trauma has evolved from splenectomy to splenorrhaphy to nonoperative management. 13 For nontraumatic and iatrogenic splenic injuries, splenic salvage is the preferred treatment, thereby preserving the immunologic functions of the spleen. 9, 16, 17 Numerous techniques of splenic salvage have been reported, including packing, use of fibrin sealant, 16 U-stitching, 18 inferior pole dearterialization, 19 and splenorrhaphy with materials such as Dexon mesh (Syneture; Tyco Healthcare, Mansfield, Massachusetts). 16 In our cohort of patients, primary repair of splenic injuries was frequently unsuccessful despite these techniques; less than one-quarter of our patients retained their spleens after intraoperative injury. This is likely attributable to the need to stop ongoing blood loss, treat hemodynamic instability, and proceed with the index operation.
In terms of summarizing intraoperative hemodynamics, a recent report by Gawande et al 13 described a score used to predict major complications or death within 30 days of an operation using only 3 intraoperative variables: estimated blood loss, lowest mean arterial pressure, and lowest heart rate. A rudimentary model that summarizes the intraoperative course is clinically desirable, and the surgical Apgar scale, which is scored from 0 to 10, with lower scores indicating more hemodynamic instability, can discriminate between groups at high and low risk of complications. On univariate analysis, we found a significantly increased rate of major complication or death within 30 days for those patients with surgical Apgar scores of less than 5; this effect was not sustained in the long-term and is likely eclipsed by other factors, such as comorbidities, advanced patient age, and urgency of surgery.
In our study, long-term survival was more dependent upon patient presentation and preexisting medical conditions than splenic injury alone. Five-year survival was independently associated with the need for emergent/ urgent colectomy, with a trend toward decreased survival in those with a high comorbid burden (as measured by the Charlson comorbidity index). Multiple studies have shown that survival in patients with colon cancer who undergo splenectomy is worse. [20] [21] [22] An unexpected finding of the present study was that those who sustained splenic injury had an equally poor survival regardless of whether or not they had cancer. Reasons for this are not readily apparent but are likely related to advanced age, high Charlson comorbidity index scores, and need for emergency surgery in those without cancer in this cohort. However, patients who sustain splenic injury, independent of whether or not they had cancer or the method of management (ie, splenic salvage or splenectomy), are clearly at risk.
This study is retrospective and has several important limitations. Selection bias may have influenced our results, as not all splenic injuries may have been reported; despite our robust method for identifying reported injuries, small injuries were likely not captured. On the other hand, any unreported injury was likely minor and clinically insignificant. Additionally, this study may be underpowered to detect differences in long-term survival rates between certain subgroups. However, this study, as a single-institution study that directly addresses the optimal management of splenic injuries encountered during colectomy, is relatively unique.
In summary, our results indicate that patients undergoing colectomy who sustain splenic injury are at increased risk of morbidity and mortality in both the shortand long-term, independent of whether or not the spleen is salvaged. This suggests that the most important factor in preventing adverse outcomes after splenic injury is prompt cessation of bleeding by whatever means necessary, including splenectomy. Splenic injury is an infrequent but morbid complication. Splenic salvage is frequently unsuccessful, and our data suggest that surgeons should not be reluctant to perform splenectomy when initial attempts at splenic salvage fail.
